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S m n r v  

2 .  A study of c h e r ~ r ~ e l s  i n  equi l ibr ium has  been proposed t o  
dut.c!n,,ina t h e  t r a c t i v e  forcc  necessar:~. f a r  initial movement of 
sedinient  r e s t i n g  or! t h e  l e v e l  1,ottom o f  a channel.  h o s t  c a n a l s  are 
cesicned wi. th e t rapezoida l  c ros s  ,ectior., and ma te r i a l  compooing 
tLIe slopini:  sides i s  acted upon b:; Loth t r a c t i v e  and pavit:; fo rcee .  
' l i1 i8  ~i:emoriir.cuv d iscusses  t h e  nature of t h e  t w o  fo rces  and e w r e s s e s  
t h e i r  rv la t ior i sh ip  f o r  di-fl'erent side slopea and angles of repose of  

I t h e  : r ,a ter iel .  

i r l  troiiuc t i o n  

3 .  in t h e  des ign  of a s t a b l e  cnamlel through erodib le  material, : 

scour  of tile banks and bed ~ u s t  n o t  occur .  For s impl i c i ty ,  cond i t ions  
o!' c lea r  wster, s t r a i l ; h  t ~1161x101, trai.)ezoiLia1 c m a s  sec t ion ,  and non- 
cohc:iive material are assuaed. k p a r t i c l e  r c s t i n e  oh a cana l  side 
slope i s  ac t ed  ;pon t?.: two forces:  one due to the  ve loc i ty  of t h e  
rnovittg water  which t,ends t o  n!ove t h e  p a r t i c l a  i n  t h e  dir.ection of flow 
and the o t h e r  c%e t o  the  component o f  p a r t i c l e  weight which t ends  t o  
:cove t i l e  p a r t i c l e  down t!:e slo;)e.  The r e s u l t a n t  of these two fo rces  
n .us t  trc I.ess than t h a t  required t o  iaove t h e  p a r t i c l e .  

Forces :ausing SCOIII 

1,. ? h e  e f f e c t  of g rav i ty  on h p ~ r t i c l e  is wel l  understood, b u t  
triat 01' w1oci.t:; is :lot e a s i l y  determined, V e l o c i t i e s  &re d i f f i c u l t  
t o  rrleiisllre b c c ~ u s e  0:' rbpid fluctuations due t o  turbulence and steep 
v e l c c i t y  g rkd ien t  rieiAr t!,c perimeter. For this raason, the longitu- 

I 

d i n a l  force on c p a r t i c l e  has bcen stutiied using t h e  t r a c t i v e  fo rce  
p r i ~ c i p l e  r~ iscovered  by Cu boys. Triictire forcc  ha3 beer. defined as 

f 
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of flow, o r  tire f o m c  causing t h e  voll~r,rs. of wiltsr t o  flow. 

.. 
With 

steady floi; corlditions, Lhe t r a c t i v c  fo rce  i s  j u s t  balanced by t h e  
iric Lional r e s i s t a n c e  of Lhe bed LI~J brlr:ke. ? h e  t r a c t i v e  fo rce  equals 
t h o  v e i i h t  0:' Lhc volune of wbter above a urr i t  area multiplied by t h e  
s lope  of i h c  canal:  

T, = wCS 

" l o  = t r a c t i v e  force l b / f t 2  

w = unit w t  of water l b j f t 3  

D = depth ft 

Critical 'IL-bctivc Force Studx 

5. A stlidj. is to be made of the c r i t i c a l  t l .sct ive fo rces  
h?.ich \,ill s t k r t  ~ ~ o v e ~ e n t .  o f  sedirrrent of va r ious  sizes on a l e v e l  
c;ina!, Lottoc:. It i s  t ~ q t i c i p a t e a  t h a t  a re la t ior !  be tmen  c r i t i c a l  
t r ~ c t i v e  ~ ' o r c e  &r!d p a r t i c l e  s i ze  will be found f r o n  the proposed 
i r ;vcs t ig~ . t ior ,  o: e ~ i s t i q  cr.r.irle ~ ? i i c k  have rec~chcd a s ta te  of 

e. e i ~ u i l i t ~ r i u r ~ ~ .  

Gravi ty  Yorces 

6 .  Consider a t r a p e , - ~ i d & l  cross s e c t i o n  such as shown in 
Fii  u r e  1. The t a n g e n t i a l  comporiezt of a e i g h t  of a particle r e s t i n g  
or! ZL s i d e  s lope is: 

XT - 'vi s i n  $ 

M = weik;t;ht of particle lb 

= ttink;entiol cm.~~orient  of w t  lb 

= s i d e  slope i n  d e g r e e s  

'Lhis gravit) force  t ends  t o  r o l l  the p a r t i c l e  down the  slope. 

'rrac t i v e  Force8 
0 

7 .  X particle resting on the  leve l  bottom of a channe l  w l l l  
Just, stkrt t;o move when ac t ed  upon by t h e  c r i t i c a l  t ract ive force, 

$ 
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aria ~;lust be x u l t i p l i e d  by an ar-eu t o  have the sme dimension3 as 
~ r o v l t j .  forces.  Asstixnin~ t h a t  c r i  tical tractive force  condi t ions  
correeoond t o  in!pcr?diri:: rnociorr o f  mr?tcrial i n  the  bed a t  the  angle 
o-rcpose, t t w  c : . i t i ca l  tractive force  on a particle i n  terms of 
f r ic t ior i  fo rce  i s :  

a = e f f e c t i v e  area of p a r t i c l e  f t 2  

Tc = c r i t i c a l  tractive, force  l b / f t 2  

t: = wci j :h t  of p a r t i c l e  l b  

6 = angle of =pose i n  degrees 

t a n  6, = coefficient of f r i c t i o n  

H .  Al1owatl.e t r ~ c t i v e  fo rces  ( l e s s  tharl c r i t i c a l )  on the bed 
o f  c!?allnela w i t h  giver; s ide s l o p s  na; a l s o  bo expresoed i n  terms of 
fr ict icr:  fo rces  by d i r e c t  p r o ~ o r t i m :  

a To = K '*; tan d. 

To = a l lowut le  t r a c t i v e  force on bed for o given 
s i d e  slope 1b/ft2 

K = Y ~ / T ,  r a t i o  of allowdble t r a c t i v e  force  t o  
c r i t i c h l  t r a c t i v e  force 

Truct ive  force  p e r  u n i t  widtti of ci-tanr~el is  l e s s  on side s lopes  than 
on l e v e l  Lottons beckuse t h e  a l o p i n t  zrea on which i t  a c t s  i s  g r e a t e r  
t h u ~  the horizontnl. p ro jec ted  area: 

a 
To = h k t a n  €I or  

C 0s 

a To = ii 'd ttin 8 cos 6 

@ = s i d e  s lope angle in degrees 

liesiiltar~l 01' Gravity anc '2ract.ivc Forces 

5 .  A ~ c l r t i c l e  r e s t i n e  on H s i d e  s lope a s h o r t  distance f r o m  
the i n t e r s e c t i o n  k i t h  t!le 'tottoa, i s  a c t e d  upon by maximum tractive and 



I? = ~ ? ~ : n l l t ~ ~ : t  force n c t i n g  on a p a r t i c l e  

l i ~ .  For c r i t i c b l  COI:I:~ tiofis, i t  is assumed that the  r a t i o  of 
the, resu1tar;t  f ~ r ' c c .  to the I :CLTL~ f o r c e  on 2 p a r t i c l e  is ecun l  t o  
t h e  caef f ic ier , t  of i r i c t i o n  cf t h e  xiaterial: 

_ I__._-- --.- ------ 
9 

ta re  - d w t n n 2  ---- ---- F C037 P + ;/' sinL >$ 
:I cos GI- I 

11'. I.11~ E v ~ l u c : 3  f o r  (4 5 ?Go, ?:G, ;1::(1 LOO wcrc com,ptited &iC 
3 l o t t e r  s ~ k i n ~ t  s ide s lope ,  b!, in Fi.i-ure 2. fr, bddi t ion  d i f f e r e n t  
k: vaBric ~~~~~V~S Lre s~.o;.:; ?lotf;eF ; i ; : i r i t i ~ t  si(!t: s lope  :tiid &ri&lc of 
rC; ,oYC i n  Fi;,l:re 2 .  i.r.or;i:.i t!.c ?: v ~ l u c s  fc r  :: ccrtr.i!! cul{;l.e of 
ri;.;;ose, t" ;:r.ayiqw:., ~l.lat;:!r;le t , r zc t ivc  l'orcr o? tF,e i.otLorn of tl 

tr:;e~oic;I c!lz.irir.I. :%ti: .;:irio-2: s ide s lopes  i n  t e r n s  of t h e  c r i t i c a l  
t r h c t i v e  force  i s :  

To = K '1, 

"l 

Lo = ;:.ax!.r;i.ti, 8 I . i ~ w n L l e  trvictive force 

r .  
I ,  = cr.itica1. t r ac t ive  force  

12. For p.:r;ostrs of L l l u u t ~ z ~ t . i c ; r ; ,  2 c r i t i c i i l  i r c c t i ve  farce- 
a a r t l c l e  i l e c  ruiztio!! x i s  assw,tc: 
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